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ABSTRACT
We report the discovery of the youngest brown dwarf with a disk at 102 pc from the Sun,
WISEA J120037.79−784508.3 (W1200−7845), via the Disk Detective citizen science project. We
establish that W1200−7845 is located in the 3.7+4.6−1.4 Myr-old ε Cha association. Its spectral energy
distribution (SED) exhibits clear evidence of an infrared (IR) excess, indicative of the presence of a
warm circumstellar disk. Modeling this warm disk, we find the data are best fit using a power-law
description with a slope α = −0.94, which suggests it is a young, Class II type disk. Using a single
blackbody disk fit, we find Teff,disk = 521 K and LIR/L∗ = 0.14. The near-infrared spectrum of
W1200−7845 matches a spectral type of M6.0γ ± 0.5, which corresponds to a low surface gravity
object, and lacks distinctive signatures of strong Paβ or Brγ accretion. Both our SED fitting and
spectral analysis indicate the source is cool (Teff = 2784–2850 K), with a mass of 42–58MJup, well
within the brown dwarf regime. The proximity of this young brown dwarf disk makes the system an
ideal benchmark for investigating the formation and early evolution of brown dwarfs.
1. INTRODUCTION
Brown dwarfs (BDs) are substellar objects that range
in mass from the deuterium-burning mass limit, approx-
imately 0.013M, to the H-burning mass limit, approx-
imately 0.075M (e.g. Chabrier & Baraffe 2000). Be-
cause some young BDs host circumstellar disks whose
maria.schutte-1@ou.edu
disk masses follows a similar scaling relation as found
for young stars (1% of the total system mass, Daem-
gen et al. 2016), it has been suggested that BDs form
through a similar mechanism as stars. However, as sum-
marized by Luhman (2012) and references therein, nu-
merous theories for how BDs form have been suggested,
including (1) gravitational compression and fragmenta-
tion of larger cores that produce a wide range of masses
(Bonnell et al. 2008); (2) interactions between fragments
in larger cores causing low mass objects to be ejected
ar
X
iv
:2
00
7.
15
73
5v
1 
 [a
str
o-
ph
.SR
]  
30
 Ju
l 2
02
0
2(Reipurth & Clarke 2001); (3) photoionization from OB
stars removing the envelope and disk of low-mass pro-
tostars (Hester et al. 1996); (4) gravitational fragmen-
tation of high-mass protostellar disk creating low mass
companions that are ejected (Bate et al. 2002); and (5)
fragmentation of gas in molecular clouds that produces
cores that will collapse over a wide range of masses
(Padoan & Nordlund 2002). Since the number of known
young BDs with disks remains low, distinguishing be-
tween these formation mechanisms is challenging (Luh-
man 2012). Studying BDs across a wide range of ages
is key to understanding which mechanism is responsible
for forming substellar objects.
Young BDs with disks have been identified in moving
groups and associations having a wide range of ages. In
the active star formation region Taurus (age <2 Myr),
Monin et al. (2010) found a disk fraction for BDs of
41 ± 12% and a similar disk fraction was found for low
mass stars in the region. In similar star forming regions
like IC 348 and Chamaeleon I, Luhman et al. (2005)
found disk fractions consistent with the results from
Taurus. Dawson et al. (2013) identified 27 BDs with
disks out of the 116 objects (23%) originally selected in
the 11 ± 3 Myr (Pecaut et al. 2012) Upper Scorpius as-
sociation, a similar disk fraction as found for low mass
stars in the same association. These similar disk frac-
tions led Dawson et al. (2013) to propose that the disk
lifetimes for BDs must also be on the order of 5–10 Myr.
Boucher et al. (2016) later found substellar objects with
disks in the 10 ± 3 Myr (Bell et al. 2015) TW Hya as-
sociation (Kastner et al. 1997; de la Reza et al. 1989).
Boucher et al. (2016) also found two substellar objects
with disks in the Columba and Tucana-Horalogium asso-
ciations (Torres et al. 2000, 2008; Zuckerman et al. 2001,
2004), whose older ages (42+6−4 Myr and 45 ± 4 Myr re-
spectively; Bell et al. 2015) suggest BD disk lifetimes
might extend much longer than previously expected.
While we have measured BD disk fractions for very
young moving groups and groups aged ∼ 10 Myr, there
is a lack of information about BDs with disks in the 3-
9 Myr age range. A search by Luhman (2004) for BDs in
a different group with a similar age (ε Chamaeleontis)
found none.
The Chamaeleon cloud complex is a large, nearby star
forming region that has been well studied kinematically
(Lopez Mart´ı et al. 2013; Murphy et al. 2013). It is
composed of three dark molecular clouds, Chamaeleon
I, II, and III (d = 165± 50 pc; Lopez Mart´ı et al. 2013)
and two foreground associations, ε Chamaeleontis (d =
102 ± 4 pc; Murphy et al. 2013) and η Chamaeleontis
(d = 95 ± 1 pc; Mamajek et al. 1999). Although the
different associations are near each other, it is unclear
if ε and η Cha are physically connected to the three
dark clouds (Lopez Mart´ı et al. 2013). The three dark
clouds appear to be in various evolutionary stages as
well based on the presence of more embedded objects
in Chamaeleon II than Chamaeleon I. Chamaeleon III
is the youngest dark cloud in the complex and has not
begun to form stars (Lopez Mart´ı et al. 2013). Lopez
Mart´ı et al. (2013) show that Cha I, Cha II, ε Cha, and
η Cha have distinct kinematic properties which enables
robust membership to be determined.
The ε Chamaeleontis (ε Cha) association is one of the
youngest known associations (3.7+4.6−1.4 Myr) in the Solar
neighborhood with around 35 known members. The age
of the association was estimated by fitting isochrones to
all 35 members in the Murphy et al. (2013) study and
taking the median of those ages, giving a bulk age of
3.7 Myr. However, there is dispersion expected amongst
the members’ ages, which is reflected in the uncertainty
of the association’s age.
Murphy et al. (2013) note that fifteen members
of this group are disk hosts, indicating a disk frac-
tion of ∼30%, consistent with the number expected
from an association this young. Murphy et al. (2013)
has shown that the spectral types of the objects in
ε Cha range from K to mid M with most of the ob-
jects falling in the M0–M6 range. Only one substellar
object, 2MASS J11550336−7919147, has been previ-
ously found in the ε Cha association, and it is a co-
moving ∼ 10MJup companion (2M1155−79B) to the
star 2MASS J11550485−7919108 (Dickson-Vandervelde
et al. 2020). 2M1155−79B may instead be a mid-M
star occulted by a near edge-on disk (D.A. Dickson-
Vandervelde, pvt. comm.).
Ricci et al. (2014) studied three bright BDs with
disks in the nearby, very young Taurus star forming re-
gion with Atacama Large Millimeter/submillimeter Ar-
ray (ALMA). They were able to resolve the disks of these
objects and determine that the disks are relatively large
with the smallest disk extending to ∼ 70 AU (Ricci et al.
2014). In comparing the disk radii, dust surface density
profiles, and the ratio of disk mass to stellar mass with
disks around higher mass stars in the same region, Ricci
et al. (2014) found that they lie within similar ranges,
indicating that perhaps formation mechanisms 1 and 5
as mentioned above are more favorable. In contrast,
Testi et al. (2016) found that for two bright BD disks in
ρ Ophiuchus the outer radii of their disks was truncated
around 25 AU. However, there are still only a handful of
measurements of BD disk radii, so more of these mea-
surements are needed to fully understand the formation
mechanism.
3In this paper, we report the first discovery of a new,
late-M type member of the young ε Cha moving group
that has a disk, making it the closest (∼ 100 pc) BD
younger than ∼5 Myr with a disk. This discovery could
help us better understand the formation and early evolu-
tion of BDs. In Section 2, we detail our new observations
for the object and a composite source plus disk model
we fitted. In Section 3, we present our results from the
analysis of the new system. Finally, in Section 4, we
discuss our results and draw conclusions about the new
brown dwarf system.
2. DATA AND OBSERVATIONS
2.1. The Disk Detective Citizen Science Project
The Disk Detective citizen science project (Kuchner
et al. 2016), a joint program of NASA and Zooniverse
(Lintott et al. 2008), identifies circumstellar disk can-
didates in data from NASA’s WISE mission via visual
inspection of candidates in the AllWISE catalog (Kirk-
patrick et al. 2014). The project has published hundreds
of new well-vetted disk candidates including the first de-
bris disk discovered around a star with a white dwarf
companion (Kuchner et al. 2016), twelve disks around
candidate members of comoving pairs (Silverberg et al.
2018), a variety of disks in young moving groups (Silver-
berg et al. 2018; Kuchner et al. 2020; Silverberg et al.
2020), and the oldest white dwarf with a debris disk
(Debes et al. 2019). Notably, the Disk Detecitve project
has discovered several disk-hosting late-type M stars
with extraordinarily long disk lifetimes, called “Peter
Pan” disks 1 (see Silverberg et al. 2016, 2020). Disks in
this new class show accretion signatures and other indi-
cations of abundant circumstellar gas, yet they are lo-
cated in young associations (Carina and Columba) with
ages in excess of 20 Myr. A database of Disk Detec-
tive objects of interest is available to the public at the
Mikulski Archive for Space Telescope (MAST).
2.2. Identification of the W1200−7845 Disk System
The Disk Detective team identified WISEA J120037.79-
784508.3, hereafter called W1200−7845, as a viable disk
hosting candidate system through its infrared (IR) ex-
cess and visual inspection of the images of the system.
The discovery was made during the team’s vetting of
candidate sources with large fractional IR luminosities
(LIR/L∗) that were not previously reported as known
disk systems in the refereed literature.
1 In this case “Peter Pan” disks refers specifically to M dwarfs
with still accreting disks at ages greater than 20 Myr rather than
the description from A. Sicilia-Aguilar.
After initial identification as an object of interest, we
further vetted W1200−7845. As seen in the images of
the object in Figure 1, W1200−7845 is well separated
from nearby sources as there are no additional bright
sources within the point spread function (PSF) for each
bandpass. The other sources in Figure 1 appear to
be background sources, and their proper motions (Gaia
Collaboration et al. 2018) do not place them within any
of the PSFs at the time of the WISE observation. From
a simple blackbody fit to the spectral energy distribution
(SED), its high estimated fractional infrared luminosity,
LIR/L∗ = 0.078, and low estimated stellar effective tem-
perature, Teff = 2329 K, was flagged as being abnormal
compared to the bulk Disk Detective disk population.
After running W1200−7845 using its position, proper
motion, and distance (Gaia Collaboration et al. 2018)
through the BANYAN Σ algorithm (Gagne´ et al. 2018),
it was identified as a member of ε Cha moving group
with a probability of 99.8%.
Since our literature searches revealed W1200−7845
had not been previously reported as young disk system,
we began more detailed analysis of the system.
2.3. FIRE Spectrum
We obtained a near-infrared spectrum of W1200−7845
using the Folded-port Infrared Echellete (FIRE) instru-
ment (Simcoe et al. 2008) on the Magellan 6.5-meter
telescopes at Las Campanas Observatory. The observa-
tions were made in prism mode with the 0.′′6 slit, which
achieves a resolving power of ∼400 from 0.8 to 2.5µm.
Eight 63.4 second exposures were taken in sample-up-
the-ramp mode for a total exposure time of ∼500 sec-
onds. In the sample-up-the-ramp mode, the detector
is constantly read out during the exposure rather than
multiple times at the beginning and end of the exposure.
This saves on overhead time before and after the expo-
sure, and helps to reduce the read noise for the instru-
ment (Simcoe et al. 2008). The A0-type star HD116270
was observed immediately after W1200−7845 for telluric
corrections. We reduced the data with a modified ver-
sion of the SpeXTool package (Vacca et al. 2003; Cush-
ing et al. 2004). Figure 2 shows the reduced spectrum.
We note that the conditions during the observation were
sub-optimal due to some intermittent clouds.
3. ANALYSIS
3.1. Confirming Membership
We first identified W1200−7845 as a member of ε Cha
through the use of the BANYAN Σ algorithm (Gagne´
et al. 2018), which assigned it a 99.8% membership prob-
ability. Establishing moving group membership gener-
ally relies on full three-dimensional kinematic data, and
4Table 1. W1200−7845 System Information
Absolute Photometry
µα (mas/yr) µδ (mas/yr) d (pc) pi (mas) M
a
G M
b
J M
b
H M
b
K M
c
W1 M
c
W2 M
c
W3 M
c
W4
-41.543 -6.120 102.32 9.77 11.325 7.468 6.946 6.545 6.159 5.564 3.682 1.99
± 0.153 ± 0.126 ± 0.96 ± 0.09 ± 0.020 ± 0.033 ± 0.030 ± 0.031 ± 0.031 ± 0.029 ± 0.031 ± 0.08
Note—Basic properties of W1200−7845, including multi-band absolute photometry, are given. Note that the photometry is not extinction
corrected, and the full line of sight reddening is E(B − V )S&F = 0.1906 with RV = 3.1.
a Gaia Collaboration et al. (2018)
b Skrutskie et al. (2006)
c Wright et al. (2010)
we lack a radial velocity measurement for this source.
However, ε Cha is known to be well separated from its
surroundings (Lopez Mart´ı et al. 2013), suggesting that
this identification could be robust despite the lack of
complete kinematic data.
In order to confirm our preliminary identification of
this object as a member of ε Cha, we re-examined the
kinematics of the group. We started with the same
sample of candidate members for ε Cha, η Cha, Cha
I and Cha II as Lopez Mart´ı et al. (2013), and adopted
updated proper motions and distances from Gaia DR2
(Gaia Collaboration et al. 2018). We plotted the proper
motions and distances against each other for all of the
targets, as shown in Figure 3.
The results of this analysis show that ε Cha is well
separated from the other three nearby associations in
proper motion and distance. W1200−7845 has the cor-
rect proper motion and distance to put it within 1σ of
the weighted average of the proper motion for the ε Cha
association, as shown by the crosshairs in Figure 3. This
result is consistent with the initial BANYAN Σ result,
which put W1200−7845 in the ε Cha association with a
99.8% probability.
3.2. Dereddening
We began our efforts to better characterize the ap-
parent IR excess around W1200−7845 by correcting its
photometry for attenuation by interstellar dust along
the line of sight. Three-dimensional measurements of
interstellar dust reddening (e.g. the Bayestar dustmap
of Green et al. 2019) in the vicinity of W1200−7845
are not available as a result of W1200−7845’s extreme
southern declination. While there is a 3D reddening
estimation of E(B − V ) = 0.008 ± 0.017 in the vicin-
ity of W1200−7845 using the STILISM tool (Lallement
et al. 2018), the grid used is too coarse considering the
crowded area of the sky surrounding W1200−7845. The
STILISM reddening estimation also does not account for
the self-extinction that would be significant for a source
with a disk like W1200−7845. In lieu of this, we adopt
the two dimensional reddening at W1200−7845’s coordi-
nates of E(B−V )S&F = 0.1906 with RV = 3.1 reported
by Schlafly & Finkbeiner (2011) as an upper limit to the
system reddening.
3.3. SED Fitting
Next, we fit W1200−7845’s SED (Table 1) with mod-
els that include the central photosphere flux and the disk
flux, which is described either by a power-law, a single
blackbody, or two blackbodies. In each case, the com-
posite (source + disk) model also has some fraction of
the full line-of-sight extinction applied (fext), with the
fraction varying as a free parameter during optimization.
To convert AV to extinction in each bandpass (Af), we
utilize Af/AV ratios provided by the SVO Filter Profile
Service (Rodrigo et al. 2012).
For the photosphere model, we utilize the solar metal-
licity BT-Settl-CIFIST grid of photometric evolution-
ary tracks (Baraffe et al. 2015), which are provided
in the form of pre-computed absolute magnitudes and
are widely used for young, low-mass objects. We did
not include the available SkyMapper photometry for
W1200−7845 since there was no pre-computed absolute
magnitudes to compare it to from the BT-Settl-CIFIST
evolutionary tracks, and the available DENIS I band
photometry had twice the error (±0.045; Epchtein et al.
1997) of the absolute G magnitude from Gaia. We also
chose to use only the absolute G magnitude from Gaia
DR2 as the photometric excess factor for W1200−7845
for the GBP and GRP filters was 1.689, indicating that
W1200−7845 has an excess of ∼ 60% from background
sources in those filters (Evans et al. 2018). Each SED in
the model grid is converted to absolute flux for fitting.
Our optimization procedure fits to the model grid as
provided without any interpolation or re-scaling of the
model SEDs. A photosphere model is selected by fitting
over a continuous range of source ages and masses, then
choosing the value of the nearest discrete point for each
5parameter from the model grid. Age and mass are used
here as the set of models form a clean rectangular grid
for these parameters (i.e. the available values of mass
are independent of the selected value for age, which is
not the case for other parameters).
The disk component in each case is described by either
two parameters (power-law disk and single blackbody
disk) or four parameters (two blackbody disk). In both
blackbody descriptions, a blackbody disk is described by
Teff,disk and LIR/L∗ (where we optimize for two values
of each for the two blackbody disk model2). The com-
posite model is formed simply by adding the flux of the
photosphere and the blackbody disk(s). For the power-
law description, we fit for a power law exponent, α, and
a logarithmic flux offset, log(f0). The solution for this
description is piecewise defined, taking the power law
values in the WISE filters and the photospheric source
values in Gaia and 2MASS filters.
Figure 4 shows clear evidence of a warm dust disk com-
ponent in the W1-W4 bands shown in the grey hatched
region. There is possible evidence of IR excess in the Ks
band in the grey hatched region that is not connected
to the warm dust component, which we discuss further
in Section 4.
We fit for all parameters (mass, age, fext, and the
disk parameters) simultaneously by minimizing the
photometric-uncertainty-weighted χ2. Solutions for
each type of composite model are identified using the
differential evolution algorithm (Storn & Price 1997),
which is well suited for both optimization of discrete pa-
rameters and for finding solutions in degenerate param-
eter spaces. To further investigate possible degeneracies
and ensure that the parameter space was well explored,
we also iteratively optimized each unique photosphere
model of an appropriate age (<10 Myr) for the remain-
ing parameters (e.g. disk parameters and extinction).
The results of fully exploring the parameter space are
visualized in Figures 4 and 5.
All three types of composite models find the same
best-fit parameters for the source component and ex-
tinction: M = 0.04 M (42 MJup), Age = 2 Myr, and
AV = 0.21 (see Table 2). For the single blackbody disk
model, we find Teff,disk = 516 K and LIR/L∗ = 0.14.
For the power law disk model, we find α = −0.94 and
log(f0) = −4.79. For the two blackbody disk model, we
find Teff,disk = 730 K and LIR/L∗ = 0.09 for the first
2 For this parameterization of the two blackbody disk model the
two individual values of LIR/L∗ give the ratio of each blackbody’s
luminosity to that of the photosphere. The ‘true’ value of LIR/L∗
in this description would therefore be attained by summing the
values for the two blackbodies.
blackbody, and Teff,disk = 230 K and LIR/L∗ = 0.06 for
the second. Fit metrics and parameters for each solu-
tion are provided in Table 2. Given that the power law
disk model and the single blackbody disk model have the
same number of model parameters, the power-law disk
appears to be an unambiguously superior explanation
of the observed excess, with a χ2 improvement of ∼ 50
(see Figure 4). Assessing the significance of the results
for the two blackbody disk model in the context of its
increased model complexity is more nuanced. To gauge
the merit of additional model parameters, metrics which
penalize model complexity, such as the Akaike Informa-
tion Criterion (AIC) and Bayesian Information Criterion
(BIC), are commonly used. However, when the differ-
ence between the sample size (n) and the number of free
parameters (k) is small (our case), AIC and BIC are not
recommended. A more in depth analysis is possible but
is beyond the scope of this work. We note, however, that
the photospheric parameters identified in the best-fit so-
lution are ubiquitous among the three composite models,
lending strong credibility to W1200−7845 being a sub-
stellar object. The detailed analysis of W1200−7845’s
disk is left to future studies. For the purposes of this
paper, we adopt the simpler power-law disk composite
model.
We remark that the model freedom enabled by al-
lowing the extinction to be a free parameter introduces
additional risk of degenerate solutions. To attempt to
identify other comparable solutions that may exist, we
analyze the full array of trial parameter sets from the
optimization procedure for the power law disk model.
The corner plot of the optimization’s parameter space
(Figure 5) provides some clues regarding the parameter
correlations as well as where other plausible solutions
may exist. From this, we identify a single additional so-
lution that produces a χ2 value similar to our best fit; all
others have χ2 values at least twice that of the best-fit.
We note that the source mass identified for this al-
ternate solution, M = 0.07 M, would place the object
just below the minimum mass for stable hydrogen burn-
ing of ∼ 0.075 M (Chabrier & Baraffe 2000), with the
best-fit solution of M = 0.04 M falling well below it.
Although the alternate solution has a similar χ2 value,
if we adopt a threshold of χ2ν for acceptable solutions of
χ2ν < χ
2
ν,min +
√
2/ν (e.g. Thalmann et al. 2014), no
solutions other than the best-fit solution are acceptable.
Additionally, we note that all models point to the object
being substellar except for one with that model having
about 6 times the χ2 of the best-fit solution.
3.4. Spectroscopic Properties
6We compared our FIRE spectrum to spectral tem-
plates for types M5–L5, including the β and γ sub-
types, which can be indicators of youth (Faherty et al.
2016). We again note the observing conditions were sub-
optimal during the observation shown in Figure 2. We
show in Figure 2 (a) W1200−7845’s spectrum versus
an M5.0γ template, an M6.0γ template and an M7.0γ
template. We determined that the closest fit was to the
M6.0γ template. As the fit is not perfect, we include an
error of ± 0.5 in the spectral type for W1200−7845. In
Figure 2 (b), we show W1200−7845’s spectrum versus
a field age M6.0 template, a M8.0β template, and the
M6.0γ template and note the best fit is to the M6.0γ
object. We further discuss the various spectral sub-
types in Section 4. A field age object with spectral type
M6.0 ± 0.5 has an effective temperature of 2850+150−100 K,
which is consistent with the Teff from the SED fitting
(Pecaut & Mamajek 2013). While certain spectral types
can exhibit significant changes in Teff based on the age
of the object, Filippazzo et al. (2015) found no signifi-
cant changes in the Teff values for young and field age
M6-type objects. Using the nominal effective tempera-
ture and bulk age of the moving group, we can estimate
a mass of ∼ 0.055 M (58MJup) using the BT-Settl-
CIFIST evolutionary tracks (Baraffe et al. 2015). This
mass is similar to with the mass estimated from the
SED-model fitting. As the conditions were sub-optimal
during the observation, we could not measure the extinc-
tion of W1200−7845 from the spectrum with precision,
so we instead dereddened our spectrum using the best-
fit extinction value from the SED fitting, AV = 0.21.
We also observe no clear signatures of active accretion
in the system via emission at either Paβ or Brγ, which
we further discuss in Section 4.
Using the absolute J magnitude and the GGaia −W2
color (Table 1), we plotted W1200−7845 alongside BT-
Settl-CIFIST evolutionary tracks for a mass range of
0.02-0.1 M in Figure 6. The age range for ε Cha
and the Teff range from the spectral type are plotted
as a hatched blue region and shaded red region respec-
tively. If we adopt the dereddening value from our
SED fit, W1200−7845 falls near the bottom of the Teff
range and very close to the median age for the mov-
ing group of 3.7 Myr (shown as thick, solid blue line)
with the closest track corresponding to M = 0.04M.
With no dereddening applied, W1200−7845 falls outside
both the age and effective temperature ranges, which
could be due to a problem with the assumed tempera-
ture and age range. If the full line of sight deredden-
ing is applied, W1200−7845 is near the top of the Teff
range with the closest evolutionary track corresponding
to M = 0.08M. We note that within the given range
of plausible reddening, Figure 6 suggests a substellar
object.
4. DISCUSSION
We have established that W1200−7845 is a likely
member of the young (∼3.7 Myr) ε Cha association,
and that it exhibits an intrinsic IR excess, indicating
the presence of a young circumstellar disk. Of the tar-
gets from ε Cha used in our analysis in Section 3.1 that
have radial velocities measured with Gaia DR2, the av-
erage radial velocity is 14± 5 kms−1, which is similar to
the predicted radial velocity of 14.3 ± 2.2 kms−1 from
BANYAN Σ (Gagne´ et al. 2018). Although radial ve-
locity measurements for W1200−7845 do not yet exist,
we would expect future measurements of W1200−7845’s
radial velocity to be around 14 kms−1. As ε Cha is
the youngest association within ∼ 100 pc (Gagne´ et al.
2018), W1200−7845 is the youngest BD with a disk cur-
rently known within ∼ 100 pc.
Our best fit SED model gives a power law slope of
α = −0.94, which would place the disk firmly in the
Class II regime by the classification scheme of Lada
(1987). Class II objects are akin to the classical T Tauri
stars, which are young objects typically with circum-
stellar disks. As there are not a large number of BDs
with disks known, it is hard to determine if Class II
BD disks are common, but Downes et al. (2015) found
that around 20% of the 15 BD disks in the more distant
(∼330 pc), 7-10 Myr moving group 25 Orionis were Class
II type disks. However, if BDs follow similar forma-
tion mechanisms as stars, they should have similar disk
properties, disk timescales, and disk fractions as higher
mass stars. Our best fit blackbody disk model gives an
LIR/L∗ = 0.14, which puts the disk in the primordial
disk range given by Cieza et al. (2012) as it is greater
than 0.1. Debris disks and transitional disks typically
have LIR/L∗ values <0.1 (Binks & Jeffries 2017).
Our detailed SED modeling and follow-up spectrum
both place W1200−7845 firmly in the substellar mass
regime. Our best SED model fit yielded a source Teff of
2784 K and a mass of 0.04 M (42 MJup). Our follow-
up near-IR spectrum of W1200−7845 indicated it had
a spectral type of M6.0γ ± 0.5, which has an effective
temperature of 2850+150−100 K (Pecaut & Mamajek 2013).
There are subtypes within the spectral types for brown
dwarfs, which can be used as indicators of three gravity
classes as described in Faherty et al. (2016). The three
classes are field objects, β objects, and γ objects, which
correspond to high surface gravity, intermediate surface
gravity, and low surface gravity objects respectively. In
comparing W1200−7845 to a field age M6.0 object and
an M8.0β object as seen in Figure 2 (b), W1200−7845
7Table 2. W1200−7845 SED Fitting Solutions
Photosphere Parameters Disk Parameters
Model χ2 AV Mass (M) Age (Myr) Teff(K) Lum. (L) log(g) Tdisk(K) LIR/L∗ α log(f0)
Blackbody Disk 59.6 0.21 0.04 2.0 2784 0.013 3.67 516 0.14 - -
Two BB Disk 2.1 0.21 0.04 2.0 2784 0.013 3.67 730, 230 0.09, 0.06 - -
Power-law Disk 8.6 0.21 0.04 2.0 2784 0.013 3.67 - - -0.94 -4.79
Note—Best-fit solutions for all three composite models explored (see Section 3.3). Though only two photosphere parameters are needed
for optimization (mass and age are utilized here), we provide additional measures for the best-fit photospheric model for reference.
does not have the distinct J -band features for the two
higher surface gravity classes. The γ subtype of spectral
class we determined for W1200−7845 is indicative of a
low surface gravity object, which can be an indication
of youth (i.e. < 130 Myr) (Faherty et al. 2016) and
supports its membership in a young association. Using
the Teff from the spectral type, the age of the group, and
BT-Settl-CIFIST evolutionary tracks, we can estimate
a mass of ∼ 0.055 M (58 MJup).
We examined our near-IR spectrum at both Paβ and
Brγ, as these lines have been shown to be accretion indi-
cators for BDs (Natta et al. 2004). While other class II
objects like classical T Tauri Stars (TTS) do show clear
signs of accretion, these rates decrease with source mass
(White & Ghez 2001). This trend extends to the substel-
lar regime, but the typical accretion rates are much lower
than for TTS, with values as low as ∼ 10−12 Myr−1
observed (Natta et al. 2004). Our non-detection of ac-
cretion in W1200−7845 could be caused by several fac-
tors, the most likely of which is that the accretion rate
was too low for us to detect. For very low mass, pre-
main sequence stars, Manara et al. (2017) found the
minimum amount of accretion needed for detection was
∼ 3 x 10−10 Myr−1. Moreover, as Nguyen-Thanh et al.
(2020) found accretion was sporadic for young very low
mass objects; W1200−7845 could similarly be accreting
sporadically. Additional monitoring of accretion sensi-
tive lines, especially Hα, are advisable for W1200−7845
to help discern between these scenarios. If there is no
accretion present, this could imply that the system has
begun to clear its inner disk and a cleared or partially
cleared inner hole could be present. We note that we do
see tentative small excess at the Ks band in the SED and
such very warm excess must be located close to the host
source. If this Ks band excess is a real feature, the gas
present so close to the source could be source material
for future low-level accretion events. Additionally, we re-
mark that we observe no indications that W1200−7845’s
disk is a transitional disk from its infrared SED (Espail-
lat et al. 2007a,b).
We compared W1200−7845 to a selection of BDs with
disks from the literature in Figure 7 that spanned an age
range of ∼ 1–45 Myr and a mass range of ∼ 0.01-0.08M
(∼ 10-84MJup). We selected BDs with reported disks,
reported masses, and are in a known nearby (within
250 pc) young moving group from Sanchis et al. (2020);
Boucher et al. (2016); Daemgen et al. (2016); Mohanty
et al. (2013); Testi et al. (2016); van der Plas et al.
(2016) for comparison to W1200−7845. While this se-
lection does not include all BDs with disks, it does allow
us to compare W1200−7845 directly to the other BDs.
In plotting absolute J magnitude with no extinction
correction versus age for these objects with BT-Settl-
CIFIST evolutionary tracks in the background, we ob-
serve no clear evolutionary trends. As is clear in Figure
7, W1200−7845 provides a nearby probe of BDs with
disks in the 3–9 Myr age range. While there are BDs
with disks in closer associations like TW Hya (Boucher
et al. 2016; Schneider et al. 2012), the age of these ob-
jects is ∼ 10 Myr (Bell et al. 2015). Increasing the
sample size of young BDs with disks as a function of age
could help elucidate evolutionary trends of these disk
systems.
As W1200−7845 is a nearby (102 pc), young (<
5 Myr) BD with a disk, it has the potential to serve
as a benchmark for better understanding the formation
and early evolution of BDs. Bate (2009) and Bate (2012)
investigated BDs formed through the ejection scenario
(Reipurth & Clarke 2001) and found that ∼ 90% of
such BDs should have disks truncated at < 40 AU.
We note that ALMA observations of BDs with disks
in the younger, more distant Taurus group have re-
solved these disks, and found outer disk radii ranging
from ∼65-140 AU (Ricci et al. 2014). However, Testi
et al. (2016) were able to resolve two BD disks in ρ
Ophiuchus with ALMA and found measured outer radii
of <∼ 25 AU, indicating that the disks are truncated
rather than extended like the Taurus disks from Ricci
et al. (2014). Follow up millimeter observations of the
W1200−7845 system should be pursued both to quan-
8tify radial extent of the disk and to search for a possible
cold dust component. The former could help determine
which formation mechanism is responsible for forming
systems like W1200−7845. Moreover, more measure-
ments of the mass and size of BD disks would allow for
a more complete understanding of evolutionary trends
in such systems, which we previously noted are hard
to discern with available data (see Figure 7). Follow-
up high resolution optical spectroscopy of W1200−7845
should also be pursued, as Hα is a more robust accretion
diagnostic for very low mass objects (Natta et al. 2004)
and thus could be better at identifying any low-level ac-
cretion present.
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W1 W2 W3 W4
Figure 1. WISE images for W1200−7845 with the full-width half-maximum (FWHM) of the PSF for each bandpass, 6.′′08,
6.′′84, 7.′′36, 11.′′99 respectively (Wright et al. 2010), overplotted in red. The field of view for all images is 300x300 arcseconds.
North is up on the image, and east is to the left. We observe a strong IR excess in each WISE bandpass, and we see no particular
evidence of source confusion or contamination in any of these bandpasses.
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(b)
Figure 2. (a) Near-IR spectrum of W1200−7845 from Magellan FIRE (black) plotted in comparison with M5.0γ (blue), M6.0γ
(green), and M7.0γ (red) spectral templates. We adopt a spectral type of M6.0γ ± 0.5 based on visual comparison to the
templates, which gives an effective temperature range of 2850+150−100 K (Pecaut & Mamajek 2013). There are no signs of strong
Paβ or Brγ accretion present. W1200-7845’s spectrum has been dereddened using AV = 0.21 from the best-fit SED solution.
(b) Near-IR spectrum of W1200−7845 from Magellan FIRE (black) plotted in comparison with M8.0β (blue), M6.0γ (green),
and a field M6.0 (red) spectral templates. W1200-7845’s spectrum has again been dereddened using the best-fit extinction of
AV = 0.21 from the SED fitting. The adopted M6.0γ type is shown compared to the field M6.0 template and the closest spectral
template for the β subtype, M8.0β, as a spectral template for M6.0β does not yet exist. The flatness of the H band around
1.65µm in the field age M6.0 spectra is a feature of high surface gravity objects indicating that W1200−7845 is likely a low
surface gravity object as it does not have that feature. This indicates that W1200−7845 is a young object (<∼ 130 Myr) given
the trends found by Faherty et al. (2016). The FIRE spectrum for W1200-7845 shown in panels (a) and (b) is available as the
Data behind the Figure.
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Figure 3. Gaia DR2 proper motions and distances for the Chamaeleon Cloud complex (Gaia Collaboration et al. 2018).
Colors indicate the association assigned by Lopez Mart´ı et al. (2013), including ε Cha (green), Cha I (red), Cha II (purple), η
Cha (blue), and background sources (black) (with color saturation in two-dimensional plots corresponding to the local density
of that association). Error bars are included for two-dimensional subplots, but are rarely visible. Colored ellipses are drawn
qualitatively to highlight the centers of each group. Diagonal elements show histograms for metrics indicated along the x-axis
and are offset in the y direction to improve visibility. The majority of background sources fall outside of the distance bounds,
which were chosen to better display differences between the various associations. Corresponding values for W1200−7845 (gray
crosshairs in two-dimensional plots or vertical lines in histograms) demonstrate strong candidacy for membership in the ε Cha
association.
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Figure 4. The upper subplot shows three different best fit models for W1200−7845’s SED (grey points) — a brown dwarf
photosphere with a power law disk (blue), a brown dwarf photosphere with a blackbody disk (red), and a brown dwarf photo-
sphere with a disk made of two blackbodies (green). The photosphere profile is taken from utilized evolutionary tracks (Section
3.3), with no interpolation or rescaling. The fit interstellar reddening has been applied to all models shown. The region of gray
hatching indicates the difference between the observed SED and the best-fit photosphere (which is the same for all three types
of models). The lower subplot shows the residuals over the photometric uncertainty for the corresponding models in the upper
plot. The χ2 value for the power-law disk model, the single blackbody disk model, and the two blackbody disk model are 9, 60,
and 2 respectively.
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Figure 5. A variation of the corner plot for optimization of the composite source + power-law disk model to observations
of W1200−7845 where the composite model is piece-wise defined, so the disk parameters are independent of the source model
parameters. Therefore, the best-fit power-law disk parameters for every possible source model are α = −0.94 and log(f0) =
−4.79. Each off-diagonal plot visualizes solutions of two of the three parameters, with each bin colored according to the quality
of the best fit achieved with values of the two parameters in that range. Darker bins indicate more optimal solutions. Diagonal
elements provide a one-dimensional view of each of the three parameters, indicating the lowest χ2 value (y-axis) achieved for
the binned range of the given parameter (x-axis). For the discrete parameters (source mass and age), bins are drawn according
to the resolution available in the model grid; for the extinction AV , the continuous range is divided into 35 equally sized bins.
The best-fit solution values are depicted in red (as dashed line cross hairs with a star in 2D subplots, and as a dashed line in
1D subplots).
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Figure 6. GGaia −W2 versus absolute J magnitude, showing W1200−7845 with no dereddening (red star), fit dereddening
(gold star) and full line of sight dereddening (gray diamond), alongside BT-Settl-CIFIST evolutionary tracks (round markers
connected by solid lines). The contribution of the disk to W1200−7845’s SED has been removed by subtracting the fit power law
disk profile (see Section 3). The hatched blue region delineates the 1σ age range from Murphy et al. (2013) for the association
with bounds linearly interpolated from the shown grid of evolutionary tracks. The shaded red region encloses the area of valid
Teff within the bounds of the evolutionary tracks and assuming a spectral type of M6.0 ± 0.5 (Pecaut & Mamajek 2013).
Considering the range of plausible reddening (see Section 3.2) and age values, the color-magnitude diagram strongly suggests a
substellar mass for the target.
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Figure 7. Age versus absolute J magnitude for W1200−7845 and BDs with disks in the literature that have reported masses,
are known members of a nearby (< 250 pc) young moving group, and have a distance from Gaia DR2 with lines corresponding
to BT-Settl-CIFIST evolutionary tracks (Baraffe et al. 2015). The symbols representing brown dwarfs from the literature and
the evolutionary tracks are colored according to mass. The selection of objects from Sanchis et al. (2020) are young very low
mass stars and BDs in the Lupus moving group (3+7−2 Myr; Alcala´ et al. 2017). The selection of objects from Daemgen et al.
(2016) are substellar objects with disks in Taurus (1-2 Myr; Kenyon & Hartmann 1995), ρ Ophiuchus (< 2 Myr), and TW Hya
(10 ± 3 Myr; Bell et al. 2015). The objects from Boucher et al. (2016) are BDs with disks in TW Hya and the much older
Tucana-Horologium group (45 ± 4 Myr; Bell et al. 2015). The objects from Mohanty et al. (2013) are more BDs with disks in
the Taurus and TW Hya groups. The objects from Testi et al. (2016) are BDs with disks from the ρ Ophiuchus moving group,
and the objects from van der Plas et al. (2016) are objects from the slightly older Upper Scorpius (11 ± 2 Myr; Pecaut et al.
2012) moving group.
